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ABSTRACT 



(U) This Aut'ior Certificate introduces a. synthetic oil 
made from pentaerytnritol ester and synthetic fatty acids. 
To insure the efficiency of the synthetic oil in refrigeration 
machines running on fr*=on-22, use of the synthetic fatty acid 
with 5- -9 atoms of carbon and antioxidant additive is suggested. 
Use of ionol in an amount of 0,5 — 1.0 wt percent or parahy- 
droxydiphenylamine in an amount of O.3--0".5 wt percent is 
recommended , 
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SYNTHETIC LUBRICANT 

S- S. Al-cman, a. A, Myshalova, K. D. Kan, and L. Q . Corda ' 

Tha invention is concerned wlch the composition of a synthetic 
lubricating oll to be appUed ln r e f- lK -. aclc ! " 

construction in -, re i- 15-ration equipment 

compress" o PsrtiCUlar f " th ' lubrication of refrigerator 
compressors opam,^ on Preon . 22 ac t8mperature3 ^ t<> ^ ^ 

°«inar lly mar* K hF-2 2 petroleum oil, 'per G0ST 55*6-59 is used 
to lubricate sucn machinery. Lubrication with „.t„, , 
ensure normal reliable operation of ref!L a r« *"* al * Um can "° c 
on Preon." „<■ . ,. refrigerator compressors operating 

KhF 22 ",r , ! ""Mature a=«n CO' minus 3o ° C , since Qrops of 

«o! 1 th f£l1 ° nt ° "*>™>»""i=n can harden and ' 

«o S up the system: this reduces the possibility of obtaining lw 
temperatures on the order of minus 70 or minus 8o°c 



-terl of I! ' , 1CaC1 ° n " 15 Pr0i>0 " d t0 Uti11 " ""^« 
sclutLr r= Cy ° 1S °5- C 9 «^=« will form 

1 " " ni=n d ° =0ngeal " 3 "mature of 

Tri ll tn ^ 2 •i^lcwtl, higher pour point 

utlli-i 1 °P"atlon of refrl g erator compressors 

t rT Pre0n -"" ThS "reposed synthetic refriseratmg oil 

™T t * S> " " CO °' Pl " " Cer - anticidant 

of o Para -° >:S " 11 P ne ^ 1 «• Xonol. obtained hy the interacts 

1 -"'"""ythrite and synthetic fatty acids „itn 5-9 carbon atoms 
in the chain. 
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Par example (wr. % ) : 

Pentaerythrite ester 99.5-99.7 

Para-oxydlphenyl amine 0.5-C.3 

Pentaery thrice ester 99.0-99.5 

Iono1 1.0-0,5 

Ooject of the Invention 

J 

1. The .synthetic ail based on the complex ester of pentaery thrite 
and SZhK i s distinguished by the fact ctiat to ensure operational 
effectiveness -of the oxl ir. refrigerating machines operating on 
Freon-22, synthetic fatty acids with 5-9 carbon atoms and an anti- 
oxidant addirive are introduced into it. 

^ 2. The oil m paragrsph 1 is further distinguished by the fact 
^_£t lonol (0.5-1.0 wt. %) or para-oxydipneny 1 amine (0.3-0.5 wt. %) 



is used as the antioxidant additive 
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CHHTETHHECKOE MACJ10 



H3o6peTeHHe othochtc* k coerasy cuare-ntHe- 
CKaro CMaaoKHoro hjcjij, npi[.uenHeMoro s ao- 
ziacTfi xo^oAH/ibKoro wamHHOcrpoeHHfl, b kacrr- 
HOCTW cwa3Kn xojioflUflfaHLW KOMnpeccopog 

A«* CM33KK T3KHX KlU.IX tTpHWeHH^QCb 

rnr-? Q ^=%l nRO % wacJl ° ,wa P K " *<P- 2 2 no 

^.V'° ofiecnevjKTt, «opM«flbKy», xa/texcByio ;Q 
ml J J* ^° AM ™ Hfat * w^npeccopoB, paOotaw. 
whx Ha 4ipeoHe-22 AO T e«iieparyp« mkhvc SOX 

gpc "MnepaTyp fiopn^a mhk/c 70 MH Hyc 

ripaanaraeTCH npuMenaTb a Kavecrae xotio- 
MaOIa c;t0>KHb ' e 3 <£«P* awneirnMb- 

J ' CnapTQB K XCHpHblX KHOICT C, — C,. KOTO- 20 

pue ofipaaywT c (ppeoHOM-22 pacrsopbi ns ia- 
CTwaaiomHE npM TeunepaType MH iiyc a6"C ra K 
Kai< ca«n atpiipw HjiewT 3Havnre^bHa acuiee au- 
coKyio To^Ky aawepsaKHH. K noa-roMy woryr 
oOecne^KTb HopwavibKyra pa dory xajiooMbnux 25 
Kownpeccopos. pafioTanimw ha <j>p«,Ke.2" 



npe/uiaraewoe cKHTeTHiecicoe xojioflHJibHoe ms- 
cflo ( M apKK JI3-XO-22C) npeacraBflset cod™ 
cTa6MH3oaaHHbift a wtho xhc/ihtcvi bHbiM npticaa- 

K2M H napaOKClKpH^eKH^aWHHQW HJIH MOJNWIOM 

cnojKHbift 3( j,Hp. no^ynaeMbtfi npn Baaanoneflcr- 

khcjiot c 5—9 a-roMaMH ynrepaaa b man 
HanpHwep (sec. %): 

neHT33pHTphT08b[J{ 3CpHp 99,5 99 7 

napaoKcnflh<{ieHHflaMHH 6,5 — 0,3 
ne.iTa30HTpnTOBbifi 3(pHp 99 0 99 5 

KQHQJI 1.0— 0.5' 

IlpeAAieT X30 jpCTSKKX 

1. C{[HTeTnHecKoe wacvja na ocHOBe cao^hoto 
3ipMpa neHTasptrrpnTa h C>KK. oryiK^fl/o^eec^ 
TeM, hto, c ue.ibio oeecneneHKs pa6aTocnoco5- 
hocth .viac^a 3 xo/ioflH^bHbix iiauiiihas, paoo- 
raramax ha cJ>peaHe-22. a Hero seeaeHbr ciiHTe- 
TfisecKHe rtCHpnbie khc;iot&i c 5 — 9 aTo W a.v»M yj- 
■"epoaa h aHTHOKiicJiHTe/ibHaa npnca;iKa. 

2. Mac^a no n. I, OTAuiaio^eecji xew, hto a 
KaHecrae aHTfioKHC/tHTayibHofl nDHcaflkn a Hero 
sseAeH hoho^ a Ko^HiecTae 0.5—1.0 see. % H vin 
rtapaoKC>iaJi<SeHfwaMHH a KOjiHnecTae 0 1 — 
0.5 aec. %. 



Materials Compatibility of R134a in 
Refrigerant Systems 
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K.S. Sanvordenker, Ph.D. 

Fellow ASHRAE 



With the emergence of R134a as a prime can- 
didate and near drop-in substitute for R12. deter- 
mination of the compatibility of R134a with 

^mpressor materials takes on an added urgency. 

✓ ht/e such work is being conducted in many in- 
dustrial laboratories, there is no published litera- 
ture on the subject. 

Hits paper summarizes the work on R134a 
done in the author's laboratory. Quantitative rela- 
tions of R134a with Lubricants in the form of mis- 
cibiiity diagrams and pressure- temperature 
solubility are described. The effect of R134a on 
motor insulation and other materials used in her- 
metic compressors is explored, and experiences 
with, selected lubricants in compressor and com- 
mercial refrigerator freezer tests are described. 

INTRODUCTION 

With the ratification by the European Com- 
munity in mid-December 1988. the Montreal 
Protocol (UNEP 1987) went into effect on January 

1. 1989. What looks like an innocuous first step, 
i.e., a freeze effective July 1. 1989 on the produc- 
tion of the culpable CFCs at 1986 levels, may turn 

yut to be a reduction of 10% to 15% in the 
availability of the fully halogenated CFCs. The 
Hague meeting (UNEP 1988) calls for an ac- 
celerated evaluation of the ozone trends, which 
potentially implies more rapid restrictions on 
CFCs than agreed upon at Montreal. 

These events bring an urgency to find environ- 
mentally acceptable substitutes to replace the 
CFCs. For hermetically sealed systems typified by 
the domestic refrigerator-freezer, which is the 
focus of this paper, the clearly emerging substitute 
for R12 is R134a. After all', its thermodynamic 
properties are as close to R12 as can be expected: 
and. being free of chlorine, it is believed to be 
benign to stratospheric ozone. 

The major unknown is the toxicity. However, 
indications are that the final results will be 
favorable if one were to judge bv the an- 
nouncements by Du Pont (1988) and'lCI (1988) 



about plans to spend nearly SI 00 million for 
construction of plants to manufacture R134a. 
Commitment of such funds express confidence 
hot only in favorable toxicity results, but also in 
the ability of researchers to find solutions to the 
perceived problems of materials compatibility, 
especially with the lubricant to be used with 
R134a in refrigerant systems. 

This paper explores the "materials com- 
patibility" problems of R134a. discusses 
laboratory experimentation regarding "lubricants, 
motor insulation, polymeric materials and desic- 
cants" and. by way of compressor tests and full- 
scale refrigerator-freezer tests, hopefully shows 
that R134a can indeed be a drop-in substitute for 
R12 in domestic refrigerator -freezers. 

COMPATIBILITY WITH LUBRICANTS 

R134a has suffered from bad publicity ever 
since the National Academy of Sciences issued its 
1979 report (NAS 1979). In" discussing R134a as a 
substitute for R12 in domestic refrigerator- 
freezers, the NAS used terms such as "severe 
electrodeposition of copper: insolubility of oils 
leading* to compressor lubrication problems: 
mechanical failure: absence of a satisfactory 
lubricant": etc. These phrases have since then 
often been repeated, sometimes attributed to the 
NAS (EPA 1986) and other times paraphrased 
informally (Braswell 1987). The result is a 
widespread belief that there are severe impedi- 
ments to the use of R134a. especially regarding 
the lubricant. Let us examine these questions. 

Conventional Refrigeration Oils 

By now. the research community agrees, that 
the currently used refrigeration oils — naphttienic 
and alkyl benzenes — are just about immiscible 
with R134a. In practice, what this means is that 
no matter what proportion of .oil and refrigerant 
one tests, be it 95% R134a or 95% oil. they still 
remain as two distinct layers regardless of 
temperature. However, as explained in the ASH- 



K.S. Sanvordc niter. Assistant Director of Research. Tecumseh Products Research Laboratory. Ann Arbor. MI. This 
paper was presented at the ASHRAE Winter Meeting In Januaiy 1989. 
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Viscos;ry 10C*r 

So Gravity 
F;as~ Poir:: 
Pol," Po:r.; 



Oil No.: 
Oil Type: 

Viscos::\ :0C=*" 

G.'cVily 
Fias^ Pom: 
Pou- Pom; 

Oil No. 
Oii Type" 



Polyoxypropyiene Glycol 

65 SUS 
" : (25 *cs) 
4£.6 SUS 
it.Et cs) 
.9S3 
3T6*= M5£*C; 



Polyoxyethylene-Propviene 

37 cs 
~.£ cs 
1.02 



Dibas/c Aac Ester 



Buryf Monoeiner 

2fi5 SUS 
(6t 7 cs) 

62 7 
PVOcs) 
.959 
3^-*?f:72'C;- 

-^0*r .-40*C) 



Glycol Butyl Monoether 

nOcs 
20 cs 
V05 
^5G"~ (222' Z) 
-SOT u45"C) 



Neooenryl Esier 



" 23 SUS Zr " * cH 



.995 

-55-f 



Neooenryl Esie r 

150 S'JS * <=-' 
*7 SUS .>..;<«; - £ 
1.007 
500'F (260*0 
-75" (-5S-C) 



RAE Handbook (ASHRAE 1 986). the wo laves are 
m themselves solutions, each often earning sig- 
nificant amounts of the other so-called lmrniscibTe 
partner. ^' J1C 

In the case of R134a and mineral oil at -oo- 
temperature this mutual solubilitv is less "than* 

iot'.K 1 ? 1 grea ,L er ^ one <en^ of 1%. Trus mutual 
solubility, albeit small, can be of crucial imoor- 
ance for oil rerum in applications such as* the 
domesuc refrigerator -freezer. 

Glycol-Type Synthetic Oils 

t , ^ e PF^ived immisclbility and. undoubtedlv 
the fear that oil would not return from the 
evaporator, led to the exploration of poivglvSls as 
Potentia I lubricants for use with R 134 a Th » ¥^ 
Snf? D , isclosure ©"Pont 1978) iden U>d a 
polyglvcol monoether as being miscibie uith 

£ stlS ?K° SOC 10 be cn ^callv stable 
in sealed tube tests. This oil was tested in a 

analvsis of which was described at the Washington 
F^Z^T^ l ° CFCS (C °" S ™ 
with^oT^K dai l 0n ™ isclb1 ^ of polvgJvcols 
notat lowt ° W 11121 ^ mi ^scibiJirv region is 
not at low temperatures, but at high temperatures. 

wiS LZ P °f ile , 0f ^ behav *°r~of R22 or R502 

^ftedTn^K 0lJS - ™ e C ° nCern - therefore, has 
srurted rrom the evaporator to the condenser. 



Figures 1 and 2 show these inverted domes of 
pnase separation temperatures of polvgJvcols and 
KJj " t£ - Similar to conventional mineral 011-R2-? 
systems, the higher Mscoslrv polvgJvcols of the 
same structure show less miscibUltv than the 
lower viscosity grades. As explained in the figure 
captions the polyglycols in Figure 1 are 
polypropylene glycol monoethers. These are also 
wa ler insoluble. The polyglycols in Figure 2 are 
also monoethers. but the glycol component is a 
=>0: dO ethylene-propylene structure. This also 
makes these compounds fullv water soluble 

The inverted domes shown in Figures 1 and 2 
give the impression that phase separation will 
occur in the condenser part of a refrigerant svs- 
tem. inat is a remote posslbilltv. Even in "an 
automouve system, where the compressor uses 
pistons with piston rings, the amount of oil circu- 
lated is less than 2% by mass of the refrigerant, 
lhe phase separation temperature of 98<?'o~R134a 
and 2% oil is considerablv higher than the 
temperature at the bottom of the Inverted dome 
For example, in Oil 2. which has the appropriate 
viscosity for an automotive compressor, the phase 
separation may not occur below 1 80'F. a condens- 
ing temperature which may occur in Arizona sum- 
mers but not too often. Broad-base immiscibllirv 
diagrams like those in Figures 1 and 2 obfuscate, 
these fine points, which are so important for actual 
applications. 
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Figure 1 Miscibility of R 134a and Polypropulene Glycol 
Monoezher Oils 

1 - 165 SUS grade ^Vd/ 
2- 285 SUS grade yfc 



to. , 
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Figure 2 Miscibility of R134a and Poiyechylene- 
Propylene Glucol Monoether Oils 

3- 8 csat WO'C 

4- 20 csat 100'C 



Miscibility data of R134a and polyglycols. 
. other than monoethers. have been described in a 
recent patent (Magid 1988) and need not be dis- 
cussed here. 

Ester-Type Synthetic Oils 

A whole class of synthetic oils of the ester type 
appears to have adequate irascibility with R134a. 
Figure 3 shows the miscibility domes for one 
dibasic acid ester and two neopenrvl esters. A 
casual glance shows that these behave in the 
conventional manner (similar to R22-mineral oil). 
However, a faint single point of immiscibUitv at 
80% R134a 20% 00 7 at -r200*F was noticed. Ester 
formulations should be checked for the hieh- 
temperature imrruscibility to avoid unforeseen 
problems. The dibasic acid ester (Oil 5) and the 
leopentyi ester (Oil 6) are fully formulated, com- 
rnerciaJly available products'. Oil 7 is an ex- 
perimental oil and is the same oil as described in 
a previous publication (Sanvordenker 1972). as is 
Oil 5. 

Solubility of Rl34a in Lubricants 

Although- miscibility diagrams give an indica- 
tion of the mutual solubility of the oil and 
refrigerant, the more important properrv is the 
pressure-temperature-soiubiliry relation. The dis- 
solved refrigerant decreases the" viscositv of the oil 
and this property is the determinant for proper 
lubrication of the compressor and for oil return 
from the evaporator. The P-T-S diagram for a 16o" 
SUS polypropylene glycol monoether is shown/in 
Figure 4 and a similar plot for a 150 SUS pen- 
taeryxriritol ester is shown in Figure 5. These dkta 
show that the solubilities of R134a in the 
poiyglycol and the ester are somewhat less thah- 
those of R12 in mineral oil. but they are sull in the 
same range. 




Figure 3 Miscibility of 'Rl 34a andEszer '-Type Oils VC32 
5 - Dibasic acid ester 
6&7- Neopenryl esters 




Chemical' Reactivity with Lubricants 

^ing the conventionaj sealed tube test and 
with steel and copper as catalysts. R134a appears 
essentiailv inert with all kinds of oils. This in- 
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des conventional refrigeration oils, the 
.-glycol family of oils identified in this paper, as 
i as the ester -type oils. The horror stories of 
per plating cited by the NAS in the 1979 report 
lid appear to be attributable to factors other 
n R134a-lubricant interactions. A particular 
ect of stability of some polyglycois needs a 
nment or two. Some of the glycol-type 
ricants are prone to deterioration upon ex- 
ure to air and moisture, causing peroxides and 
iity. Any polyglycol-type lubricants need to be 
assed under heat and vacuum to remove the 
oxides and acidic components prior to use in 
ressors and certainly prior to tests for 
^ry in the laboratory. Carelessness in this 
ird can lead to erroneous conclusions. 

i£P ATTB ILrTT WITH MOTOR INSULATION 

Magnet wire covering is the primary insulation 
hermetic motors and it is imperative that this 
jlation retain Its mechanical and electrical in- 
1ty under the refrigerant-lubricant environ- 
it in which it operates. 

R12 has little or no effect on the currently 
ular magnet wire insulations. It is R22 that 
cts them, exhibited in the form of softening, 
tering. and loss of dielectric after thermal ex- 
sions. A quick gauge of the potential effect of a 
igerant on motor insulation is to determine the 
;unt of the refrigerant absorbed by the wire 
mei when fully saturated. This is easily done 
therm ogravtmetric analysis. Both polyester 
ie (PEI) and dual-coat amide imide over 



polyester (AI/PE), which absorb approximately 
14% R22. absorb a mere 5%-6% of R134a. The 
difference is significant and may also imply that 
R134a migrates in and out of the polymers with 
ease. 

Screening tests (Sanvordenker 1971) show 
that R134a does not soften these insulation sys- 
tems, does not cause blistering, and has a negli- 
gible -effect on burnout resistance and on the 
retained dielectric after thermal excursions. 

As to the effect of R134a/pohyglycol on these 
insulations, tests were made using twisted pairs 
in glass sealed tubes containing R134a/polyglycol 
and compared with R22 /mineral oil. Once again, 
R134a/polyglycol monoethex showed no changes 
in the electrical properties of the PEI or AI/PE. 
R22 /mineral oil degraded the Insulations to some 
degree, as would be expected. 

We conclude, therefore, that the magnet wire 
Insulations currently used in hermetic systems 
are not affected by R134a by itself, nor are they 
affected by a R124a/polyglycol monoether com- 
bination. 

COMPATIBILITY WITH POLYMERIC 
MATERIALS 

Anaerobic adhesives 

Although not too common, anaerobic ad- 
hesives are sometimes used in hermetic compres- 
sors in place of mechanical fasteners. If Rl34a is 
to be a substitute for R12. then it would be 
desirable that such adhesives and sealants be 
compatible with R134a. Two such commercial 
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adhesive, souln.ms were checked: comparisons 
were made between R12/mmeral oil. R22/mineraJ 
oil. and R 134a /polypropylene glycol monoether. 
Under parallel test conditions. R134a/glvcol af- 
fected these materials much like R12/mineraJ oil. 
i.e.. minimally as compared to R22/mineral oil.' 
which degraded the efficacy of these compounds 
to some degree. 

Elastomers •" =-'^~ 

O-rings made of chloroprene. nitrile. and 
ethylene propylene rubber were tested for swell in 
liquid refrigerant. Comparisons were made be- 
tween R12. R22. and R134a. The dimensional 
change in R134a was approximately 1.5% for ail 
the elastometers: R22 caused the largest change, 
approximately 10%. and R12 was intermediate at 
approximately 5%. Precise dimensional changes 
vary from one elastomer to another but. suffice it 
to say. R134a is as benign as R12 toward these 
common elastomers. 

COMPATIBILITY WITH DESICCANTS 

The typical R12 hermetic system incorporates 
a dryer, with Type 4A molecular sieves as the 
preierred desiccant. R134a svstems are aiso ex- 
pected to have a dryer, particularly if the lubricant 
is a polyglycol. which is quite hvgroscopic and 
dissolves large amounts of moisture. R12 has no 
compatibility problems with Type 4A sieves. But. 
because R22 tends to react with Type 4A sieves, 
there is concern over possible reactions of R134a 
wuh this efficient desiccant. 

For R134a to react with molecular sieves, two 
things must happen. First. R134a must enter the 
cavities of the sieves, which have an opening 
nominally of 4 angstrom units. Second, once 
Lhere. it must react with the hjghlv alkaJine walls 
ol those cavities. R22 does both. With a molecular 
diameter of less than 4 angstroms, it can enter the 
4A sieves and it also reacts readiiv with alkaline 
materials. 

^The molecular diameter of R134a would be 
4.26 angstroms, based on an empirical correlation 
of molecular diameter and the critical properties 
Hence, it would be difficult for R134a to enter trie 
4A sieves. Laboratory experiments with R134a 
and aqueous sodium hvdroxide show no 
neutralization of the alkali by R134a: bv contrast. 
R22 reacts readily under parallel experiments 
(Hayashi 1965). Put together, there should be no 
worry about the compatibility of R134a and Type 
4A molecular sieves. 

SYSTEM TESTS 

The proof of the pudding in this case lies in 
compressor tests and in fuU-scaie application 
tests, such as refrigerator-freezer tests. Tests of 
both types have been made. Details follow. 



Compressor Test 

The compressor test involves 3 simple *e*-up 
of compressor, condenser, expansion valve and 
evaporator. For simulation of a refrigerator- 
freezer, the suction pressure would correspond to 
-5T saturation, and the discharge pressure to 
+ 130T saturation. Test severity is accelerated bv 
operating the system in a high ambient and by 
adjusting the air movement so as to maintain the 
temperatures at predetermined levels based on 
past experience. The key temperature for this test 
is the temperature in the discharge cavitv imme- 
diately past the discharge vaJve. 

In comparing R134a with R12. it became 
necessary to run instrumented compressors 
under parallel conditions in order to determine the 
discharge cavity temperature for R12 and R134a! 
It turns out that both the discharge caviry 
temperature and the suction cavity temperature 
are 45T and 25T. respectively, lower for R134a 
than for R12 for the same evaporator and condens- 
ing temperatures. 

This was to be expected based on the ther- 
modynamic properties of R 134a compared to R12. 
In practice, it meant that the R134a compressor 
would run somewhat cooler than an R12 compres- 
sor. Based on those data, a compressor test using 
R134a and a polyglycol oil (00 1) was conducted 
for 2000 hours successfully. 

The successful result of this life test did not 
come as a surprise. In a paper published 17 vears 
ago (Sanvordenker 1972) this author reported that 
polyglycols were used in hermetic compressors to 
compress inert gases and were found satisfactory- 
even under heavy loading. The test with R134a"- 
polyglycol appeared to confirm that previous ex- 
perience, in view of the inert behavior of R 134a. 

Refrigerator-Freezer Test 

The compressor test described in the preced- 
ing paragraphs was meant to test the durability 
and reliability of R134a-polyglycol as the working 
fluid. The refrigerator test was made to confirm the 
expectation that R134a-conventionai mineral oil 
would be a viable working fluid for this applica- 
tion. 

The refrigerator was a commercial 15 ft 3 , two- 
door, frost-free. i.e.. with a defrost timer and an 
electric heater, with a wire-on- tube condenser and 
an auxiliary oil cooler condenser. The compressor 
was an 800-Btu reciprocating unit made by the 
author's company. This refrigerator was designed 
to operate with Rl 2 and had been used for keeping 
lunches in the author's laboratory. 

This refrigerator was operated with no altera- 
tions other than a thorough evacuation to remove 
ail remnants of R12 and then charging it with 
R134a. As mentioned, the oil was a naphthenic oil 
of 150 SUS grade. 

The refrigerator ran like a charm: first, for 
three days on a temperature control, which meant 
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an off '-on cycling every half hour or so and defrost- 
ing every eight hours: second, for a week on a 
continuous run with a freezer temperature of -5T, 
except for a shutdown during defrosting every 
eight hours: and finally for 10 days on a con- 
tinuous run without defrost (i.e., with defrost 
disconnected), and aTreezer temperature of -5' to 
-7F. ^ 

At the end of this time period the test was 
terminated. The objective of the test — which was 
to confirm that oil return would not be a problem 
with R134a and minera] oil in a domestic 
refrigerator -freezer — was met satisfactorily. 

As to the explanation why. it must be recog- 
nized that these reciprocating hermetic compres- 
sors pump very little oil. typically less than 1 /4 oz 
per hour. Based on the refrigerant pumping rate, 
this may mean an oil- to- refrigerant ratio on the 
order of 0.2% to 0.1%. The mutual solubility of 
mineral oil in R134a is in that vicinity, which is 
one important factor, the other being that mineral 
oils have a degree of fluidity even at -20T in the 
presence of R134a. 

SUMMARY 

This paper brings into the public domain a 
large body of information developed in the author's 
laboratory regarding the interactions of R134a 
with materials in refrigerant systems. Factual data 
on irascibilities of R134a and several potential 
lubricants are presented. Solubilities of Rl 34a as 
a function of temperature and pressure for two 
lubricant systems are also presented. R134a. even 
in combination with a supposedly aggressive 
lubricant like a polyglycol. is shown to be as 
benign as R12/mineraJ oil toward magne: wire 
insulation, anaerobic adhesives, and elastomeric 
materials. Methods to evaluate interactions with 
desiccants based on elementary logic and minimal 
experimentation are explained. ' 

In addition, system tests using a commercial 
refrigerator -freezer designed for Rl 2 /mineral ...oil . 
were"made replacing R12 with R134a without any 



other changes. The refrigerate/ -freezer worked 
like a charm, including a 10-day continuous run 
without defrost, which in reality is a simulation of 
a chest freezer. 

As a final word . . . while agreeing that one 
swallow does not a summer make ... it is still an 
interesting speculation that if R12 were not avail- 
able, refrigerator -freezers would be quite function- 
al with R134a as a drop-in. assuming, of course, 
that such appliances would be equipped with a 
compressor similar to the one used in this par- 
ticular test. 
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spzcuUtc on uow t!ic=c couia influence Jn itaminum 
rcacciart. 

Fdcc.-ar/crs arc commonly uicd ^hicit .-;mo/ C aod 3S 
well chc oil polymcrai:ion produce forced from Uic 
reaction ^own in Cq ( | j. as long as t:»c 5 c □ c ciTeciivc in 
preventing a t>uiid-up of degradation producer, chc ciicnncai 
environment conducive co an aluminum reaction should noc 
form, even ^ncn cne Rtl/oii szibdiCy ,= , n sufriCic^c. 

in 4 system with aluminum moving parti, .he protective 
^iarninum oxide can t>e removed oy abraiidn. W c arc cold 
chic ic u noc uncommon co find fine aluminum "particle s 
amon- che sludge *n used compressors wi..h aluminum 
bearings, indicating chat free aluminum wis exposed co chc 
rcfrigcnnc^U mUcur: it some cirnc. The co nbination oc* 
abrasion and 4 corrosive cnrtronmcnc shou,d pcrm.c an 
alumrnum reaction co occur under more moderate con- 
ditions man Chose requtred an our szizic tests. 

Small quantities or" au- and water are often present m real 
iyecems These, or other sources of o*yge:i f would re- 
o*vdu:c Dare aluminum surfaces and thus tend 10 prevent an 
aluminum reaction. 

•"7 1ARY 

action between Uummum and Refrigerant 12 and oil 
reproduexbly initiated by filing en* combined 
materials at temperature of 300F and higher Before 
the reaction would stare, however, Chc Rl2/iU fluid had 
CO be degraded CO the e*ccnc thaC t C w a-, black and 
contained a hitfi 'level of ac*d. Ic * behead that tJus 
hlacfc corrosive fluid partially removes protective 
oxide :rom trie aluminum, permitting direcr contact and 
reaction with Chc refnscranc. 
2- The initial reaction chat occurred was the combination 
or aiiiromum with rcfrigeran: Co produce- uunanum 
iiaiulcs and carbonaceous matter. Once, this had started 
secondary reaccions began. AC 300F che secondary* 
reaction is decomposition of Refrigerant 12 Co produce 



• R«r,ccri.,>-i3 „ a pweocl .- ftl 

eraoexng occurred, produces s'ra.V.u.-s of l,rn< „ 
«fbon S , nd co^.. 1(! cc m 3 „ cr These ice,„ a . ry i c ^;°* 

lormccl from n lC refriecr a « l . 3lu -, inwnl r „ cll - an w . „ 

* WM 3 "° unt for ^ :««» chc/ occur . 

Subsequent to CMc Uacr reason. No c-Md^Cc fo " , 
reaction between a( um. ft » m Jn a ou w« found 
The final end produces ~cre aluminum halid^ cot 
gaseous od-crackmg products or Rl 3. 
3. A. precondition for trie aluminum react* n is the — 
degradation of the refn^rancod miI[ure tt is "^ 
eluded, tncre^, that in the c= SCS feoorted here ~" 
«™«Ucy was Lcn.ced by tfte .tabdity of cne r.fr,-" 
m^turs and noc by me a iu m i fturn . 
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A REVIEW OF SYNTHETIC OILS FOR REFRIGERATION USE 



KESHAV S. SAIWORDENKER 
M, W. LARIME 

*£l?!«T' OR ° f refri8efac '' on wto. synthetic 

oas dates bacic to 1929. ^hen che r«* syncact.c oa w « 
=omrncrc«I ly manufactursd and was thought Co he ideal for 
^ making eq u ,pm e „t.' Fl - ft4en ycars U£ „ tftc 

^ J Jc Tr* ^ " mC a PP"«^^ S The mid fifties 
-w the alfeylbemenes. 3 whi c ft only nQw afe in , ;mitftd uJfi 

a Europe, and a s.Iicate =«er* which wa 3 tested in 



*Y«ems but has beet, abandoned. The sudes saw a 
proUferation of synthec.c materials developed for military 
jee aircraft. Some of these have also been e*anuned but 
none were used for reoperation. The s.tuation is like cnat 
at a car buyer who closely examines Hash/ spores cars. but 
eventually decides to by a four door sedsn. 

Admittedly, synthetic oils were considered because of 
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specie problems wicii mineral our, for example, wu 
separation and ta>v mt.sciu-iUt/ some refrigerant. 

Although these arasyyacs;; sciil c<t-;. improvements wi 
petroleum processing and system design uirc extended the 
useful low temperature limit of rmr-c-il oils. Combined 
wren the economic; involved, this hi* effectively kcoc 
synthetic ad: from Urge scale use in r-fr.gcncion 

There arc two reasons for Chi: r mewed In teres; La 
synchecicr PuDhcly seated is the r\er:i ar cssicr od reium 
from low temperature: evaporators. Pri/ tely, caroonLzatian 
of /aires us mentioned is; in equally ssr.ou: problem. Many 
people feci that enese probLcms may dc solved by synthetic 
oti technology. Furthermore, because anly j. Urmced seg* 
rnenc of the industry requires ods for low tempenture 
appLcation, there is a wdllngr.css :o pay a, premium price. A 
survey of Che capabduies and Urr.iciCions of ;nc v^no^s 
EynChetic oils ls therefore timely and i; ch.c subject of thu; 
piper 

COMPLEXITIES Of DESCRIBING SYNTHETICS 
Tad a/ che, refrigeration engineer can predict the general 
-haviar of mineraL oils from a few key properties largeLy 
.jeeausc of his famiLiaucy with mem. The same does not 
hold true for syntheses Noc only do chey include 
lubricants of diverse, chemical closes, juc even within the 
same class Che properties may tary in. an unpredictable 
fashion. Occasionally the traditional rieans of comparing 
properties may even become rnearungle;s. A good example 
is the ytscoslcy index. tVIJ. 2-<thy L-hc*yi dlsdoxanc na: a VI 
at 230 whereas the equivalent Crisilaxme has si VI of I 78 
However, the viscosity of the latter is less affected by 
temperature; i.e,, trie opposite of what Che VE would 
indicate.* Another example can be se-n with two dibasic 
acid esters; !.=,, D.t O-mcchyl-bucyl) adi-pate and 0i (1-mecn- 
yl-cthyl) sedacate. Both have essentially an identical den- 
sity, viscosity grade, viscosity index, molecular weigtit and 
number of Cham units. Yet one free2.es at 1-32F and the 
other at -44F. 7 

The refngencion engineer must also recognise tnac mast 
of che literature an synthetic ods is directed at the 
aeroipa.ee engineer, with test methods, acceptance criteria 
^r specifications all reflecting this fact. One often reads, for 
xample, of jec aircraft fluids with a capability of lubrica- 
ting from —65 to -+-400F. This does not mean Chat the 
cranfcease operates at — 65F; it simply means that the 
aircraft can be stirred when at test m — $5F ambient, and 
a viscosity of ibout 14,QQ0 cs is const iercd accepcaoLe for 
erus purpose. The upper temperature cipaoihcy is deuncd 
by another specu'IciCia n on viscosity; i.e., I cs at 40QF 
CMIL u-9236*a). A new material which maintains a viscosity 
of I cs at, say, SQQF, may be described is having z 
lubricaclns capability of 500F 

Once cms new frame of reference i$ accepted, discussing 
synthetics becomes a. simple problem 



EXPLOITING THE PROPERTIES OF SYNTHETIC OILS 
Except by accident, one can rarely obtain the full advan- 
tage of a new material by simple substitution, rather it must 



uc en concert-.: ;uto c!ic r/:U"^. L^c u*: con-tuor : wn - 
' i l u 'j 1. 1 Q n ; 

coniprcssor- tcdjy u:': a I SO viscosity 5"Jd\^ au.t.e ( sq 

SuSat lOQT Ourin; opc-ition. the camarcc^or runs Uoctcr 
then lOQT, a-d t^ic ad enc^rinr c^c bcarin5<;_rniy wen be 
Qrcr 2Q0F ir. ochcr vords, cues; compressor; arc designed 
for ludricac;cr, oy :ne present mineral ods which, it 2iQF 
have a cypiczi -/iscos.cy of ^ L SUS or 4 5 c; in selecting 5 
synthetic od, emphasis chould be pUced more on ctu 
/Lscosity at 2 1 OF e^d Ics^ or. the value it I OOF. For 
eximple, the 150 SCJS r.copcnryl ester ui Table I has 2 
viicasicy of 5.5 cs at 210F. This Yiscosicy may be higher 
than needed for lubrication and selling and may even cause 
more friccior.. The proper choic- would be a 75 SUS gradc t 
which may be perfectly adequate. Th: id vintage wouid 
al£0 he in a iorr.e>./hac lower pour aa.ic of IS SUS grade. 

b. i^iscibihry VYi;h Refrigerants It ts well recognized 
that oil riturn from evaporators is easier when the oa ^ 
misciblc with Che refrvserinc. Many of the synthetics remain 
miscibie witn ?,22 and R5Q2 even at very low temperatures 
However, the real criteria n of fluidity lies In the prcssur=- 
tcm p era cure-so I ubdity relations of -Che olWcfr igerant sys- 
tem. Such dati must be carefully determined for che 
synthetics If che misCiblliCy ad/ancagts ar= to be fully 
exolo iCed . 



COMPARISON OF PROPERTIES 

The properties of most of the commercially aradable 
synthetics are compiled oi Table I to illustrate their relevant 
refrigeration characteristics. Except for silicate esterc, these 
properties are derived. from samples cheeiced In the auChors* 
labora tones. Some data are self-explanatory , others are not. 
The low CemperaCure fluidity, for example, is cither the 
temperature at which the ad pftase coagulates Caftcr phase 
separitionj or in case of complete mLsciblUty, it vS the 
temperacure at which a 1.3 mixture of R22 oil ceases to 
flow The excellent chemical stabdity noted in same cases 
was ob earned only for one of the several addiCtve formula- 
cions and in Chat sense is really work on cne additives. The 
experience factor implies Chat tnest oils have been tested in 
compressors by sources fcnown to the authors. The poten- 
tial suppliers are -;ven as a lead and not as sources of a 
particular sample. Costs are approximate and not quota- 
tions. 

1 Synthetic Hydrocarbons 

a Pansff'.nic This was the fLrsc commercially market^ 
synthetic oil. and was a major advince by trie standards 01 
the time (1S29). Standard Od Company of Indiana pro- 
duced about three mUUon gallons oefore the operation was 
abandoned. 1 S:rucCura.ily Che od consisted of branched 
chain, saturated paraffins. simUar to some components 01 
refrigeration oil. it contained no wax, had 1 high Viscosity 
IndeA, cxc=ilen[ color stabdity and low carbon forming 
Cendcncy. 5 Interestingly, Che same factors which influence 
new praduc: failure today, caused cne demise of cfus- 
maccrial then; since all synthetic; ire ac least partially based 
an petrochemicals, Che produce was more expensive tr \2 n -. 
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<nc mineral ad: The QCticr factor :he technical 

improvement m rni-~cril oils. Petroleum reisers acvclgpca 
Vt tmprovcrr whidi effectively utldcrCu- the technical 
advantage of cue synthetic paraffins 

Tody, scvcrlt oil companies manuf2.:curc iynthcuc 
paraffins for hydraulic fluids, inti also if l viscosity grades 
for labnCiCiOn, The prcscne product arc fir superior in 
vtscosiry-ccmpcricurc rcUCions, with oxid. tvon inhibitors 
and lubricity additives, they become excellent refrigeration 
0J2; The only drawback is thcix pooc misci'jtbty witn R22. 
fiawevef, wh,en chc low temperature fluj Uty of trie od 
pfiisc (with R22J is considered, chese ods :c=m to remain 
fluid Co Che same temperature levels iS Chc current 
refrigeration ous; wich R12 system tests in high imbiencs, 
Chcy appear co oe superior co prehear rntn-ril oils and do 
noC show valve deposes, 

b. A.lkyt Benzines. Jusu as the synthet.c paraffins arc 
Similar Co the saturated components of rr.Lncral Otis, the 
alkytbcnzenes arc chc cousins of tncaroma-iC component. 
" major advantage of these materials Is their excellent 
.buity wich R22 and R502. With R-502, althou&h phase 
'•serration occurs ac Q degree Co lOF, Chc o.l pnase remains 
fluid aawn to — 90 F. Wich R22, they rcmnn rruscibic below 
— 100F. 

There oils have been described in ASriFAE- literature.* 
and are Currently used CO a limlCed extent in Europe. One 
of their drawbacks is tne low viscosity in^ex. which cart 
cause chinning of Che oil high cranlecas.- temperatures. 
Increase in che alfcyl chams improves the viseasiCy index, 
but causes some loss in the R22 misciDillc^. There us also 
some confusion on the behavior of such oils. Se-rrun and 
Shcilard ia find chac they have poor lubncUy an4 recom- 

' mend addition of mineral oil co improve u_ Steinle, 1 1 on 
the- other hand, finds chc lubricity sacisfaccury and reports 
char they also have good resistance to cc icing. However, 
when tested In an R12 sysccm at high ambients, we found 
valve deposits with the German oil. 

An interesting speculation on Che syacheCtc hydro- 
carBons is chc possibility of blending the ailcyL benzenes 
with synthetic paraffins. Such blends would incorporate the 
■emperature properties of che paraffins and low 

: cracure properties of the alkyl bemenes, and che 
mixtures wo aid resemble che mineral oils with which we arc 
so familiar. 

Z. Dibasic Acid Esters 

The annual praauccion alone of chese materials, which is 3 
to 4 million gallons, puts them into an. of che more 
Lmpareanc classes of synthetic oils. They nave excellent 
viscosity-temperature relations, low pour points and good 
thermal stability (according Co mUicary requirements}. Also, 
extensive work has been done on che -orrclacions of 
properties with structure. Wc refer the reader to Duicfc. &. 
Poppin 1 1 far an excellent summary of che p/operues of Che 
dicsters and cheir historic development. 

Structurally, a dibasic acid is one whicJ- contains two 
earboxytic acid groups. When reacted wit.i two alcohol 
molecules, che dibasic acid ester results Quite unlike 



rmncru oil*:. ; :;c:< ; 5rc po j af cairMJOunuS com^mig lWQ 
caroonyl grou,i*. 

Gcmg pour compound;. ihcy can he c*pv-c<cd < 3 0c 
more react. v C refngcrancs tnati miticrai ails. Atsa, :ric 

rcacuvity l3 bc mc3SurcC on UlC u25{ , ^ r C Q. ^ a!vc0 
m zddLdon to i;;c R12 formed. l-.Owcrcr, --c hS^c found 
matcrats (conta-.m.-ig acaaivesj wnich arc qaicc scaotc >j\ 
seiled tube tcs:i Ti;- non-adcitcive sample! showed rneh 
reactivity . 

The dtbisic acii -^ccrs also sicm :o be miscioic with R22 
and R502. The 7^.-npi c shown m Table I indicates no phase 
separation with R22 even at -LQ0F. Hawtr«f, bc;ng a 
chemical compound each formulation mast be cnccfcid far 
this property. 

Although L!i- above arc very desinbie characteristics 
some cautionary nores are In orCer The dies;ers can have i 
significant effwe: on elastomers (one of cheir commercial 
appUcationv i.s 55 olasciCizcrij. Suic- chere is a possibility 
chat heao gask;-;: lA a compressor may blow ou, each 
compound ncci-i to be checked for thje. A second 
consideration is Chur pour pourx. Being pure compounds, 
they should have a freezing pain: racher Chan a pour poinc 
But it ls po.v.Ijle for Che dicsters "to supcrcooT and 
tempCirarily remain hquid-below their freezing poL^c. and 
then creezc ifLcr being left at that temperature for some 
time. For Lhis reason, ch; law temperature fluidicy must Qc 
.evaluated wfin caution. To explain this further, w C find 
that the ester : n Table I remains fluid aC -tOOF, when 
containing 25% R22, Th;s may indeed be an intrinsic 
property, but tt may also have been affected' &y super- 
cooling, and nc-ds co. be invesCigaCed further. FinaUy, wich 
esters there is tr.c possibuity of hydrolysis. This problem is 
aggravated hy contarmnacion of a dvester from low molec- 
ular weigm muter-ins. With mineral Otis, contamination by 
light ends is r 4 :ci y a problem. It may show up in a lower 
flash point hut H does riot affect Che chemical stabil t cy. 
With dibasic esters, as with any esters, the low molecular 
weight materials arc chemically less sCaOlc and their 
decomposition products act as reaction catalyses, even if the 
basic bulk maLco-tt is stable. 

These art not major problems, but ar= presented as 
cautvonary notes. All together, these esters have a potential 
as low temperature refrigeration oils, certainly with R22 to 
-7QF, and prjvfibly to che -100F range. 



3. Neopentyl £irers 

These compourd 1 ? represent a further dcrclapment, having 
all Che advantageous properties- of dibasic acid esters, and, 
in addition narin^ a higher thermal and oxidative stability. 
They arc b^.-wcU on specific poiyols with chc five carbon 
neopencane ttruccure, the mos; important of' wruch is 
pentaery chrjioi. Trus carnon structure is considered Co be 
Chc fcey to the hig* temperature scaoility. 1 3 

Properties of 4 neopencyi ester relevant to refrigeration 
appear co be very close to those of Che dibssic acid ester 
shown in Table I. Although chc higher chermar and 
oxidative ^tihilicy is indeed a plus factor, Chu added 
capabdicy m^y not Qc required for refrigeration purposes. 
The law cempcniurc characteristics arc close Co chose of 
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^laizic icid esccrs, and ficncc cite ncopcncyl esters do noc 
appear Co offer any majgr advantages for refrigeration 
whtcn wQuld juscif/ chcir htghcr cose. A rcccnc Russian 
palcnc**, howc/cr, docs mention a pcn^crycnrUol ester as 
a lubricant wicn R22, co oc used far cviponcor 
ccmpcricurcs of -3QC (-1 l 2F) 



4. Phosphate Eicen 

The refrigeration industry isqmcc familiar wich ac lease one 
phasphacc ester, viz. Cricresyi phosphite, wmcn ts afcen 
a=cd as a lubricity additive co refrigeration ads. 

Except as additives, Che phosphate esters r.ave UCCle co 
offer. Theu vucosity-cempcraCure relations arc in trie same 
rzhgc as mineral oils. An exception us n-hexadc;yl diphenyl 
phosphate, having a viscosity index of 162, and failing in' 
Che 100 SUS viscosicy grade, 1 5 This is of no value, because 
Us pour point ls -r45F. Ochcr; have low pour points, but 
Chcur ViicosiCies arc Coo low. But the high ctmperaturc 
properties are the most worrisome of ail, Tft-r phosphacc 
esccrs decompose co'corm Substituted phospho .ic ictds and 
eyen che more scable ones are just noc suirab'e ic normal 
h« temperatures. Thus, phosphate esters can be elinun- 

t technical grounds alone, 

5. Palygtycots 

These materials should properly oe called ethers and esters 
rather Chan glycols because the Cerrnirial hydroxy! groups 
arc bound by ester or ether groups. This substitution maxes 
the polygiycols suitable for lubrication and :.lso renders 
chem water Insoluble. When first introduced in 1946, they 
were mentioned as parencial refrigeration oils. z 

The poly$lycol lubricants nave excellent vI;.cos*cy tern- 
wacure relations, A 1 00 SUS grade dicther, far example, 
ias a higher vkcosiCy ac 210 deg Chan a I JO SUS grade 
nineral oo\ l 4 Perhaps a more significant property of che 
potyglycols is true they cooL down to Chctr pour point by a 
-ceaay increase in viscosity, much, as che napftchmic mineral 
ids do, Tnis should permit the use of polyglycoU co 
cmperatures much lower than their pour point*, smce they 
^re also miscibie with R22 and R502, 

che laboratory, a j $$ SUS grade mcnoctnsr showed a 
^ mt of about -55 F. Mixed with Vl% R22 i£ 

•\ ^ J fluid to about -80F, and a l:l mixture was still 
luid below — 1 1 OF. The diethers should be mucU better. 

The poly^Iycols have o<en used in hermetic <; ompressors 
/tth inert gases and have been found co be quits 
atiSfaccory even under heavy compressor loading. Hence, 
fc consider chem co be good lubricants, and Cc ha/e good 
lectrical insulating properties. Moreover, this experience 
iso indicates chac chey have little or no effect an normal 
tautomeric materials used in hermetic compressors. 

En sealed Cube tests, a monoecher with proper additives 
^as found to have very good stability wich Rl2. The 
oiyglycois are also supposed to be slightly hygroscopic out 
his would noc be a major drawback for r-rfrigeration 
urposes. The only other item is ChaC che ma northers show 
nmiscibUiiy curves with mineral oils s*rniHr ca those found 
R22 and mineral oils. 1 7 The diecners arc supposed co be 
ompletcly miscibie. 



All properties consiccred. che polyelycot; appear pr = rn t s- 
ing as refrigeration od: and deserve mucn more mencion 
ciun ;hcy have received jo far. 

6 Sifiaace Enters and Silicones 

As chc nimciugjcw, both ire based on sUican chennsc'ry. 
The baStC difference is ChaC far the siUcice c^Ccrs. the sUicon 
acorn would be acciched to the fubscicucxon group only 
chrougn an oxygen atom. For engineering purposes ic ^ 
enough to s^y chat :he silicones der*rc cheL" prtrnary 
properties from the long cham of sd t can atoms, whereas the 
suicicc csccrs d=pend on the long substitute chains. 

a, SUt'eatd Esttrt; Among che various synthetics, chc 
silicace esters appedr Co have the lowest pour points, tn 
examining che properties of che grthosdicaces and disilox- 
ancs. one cannot help noticing the '*<" sign prefixing Che 
already low pour points. 14 Equally striking arc ctuir 
excellent viscosity tempera cure rciicio ns. 6 

One sdicace es:cr, idencified as a "secondary bucyi esccr 
of polysaicic acid" his been described by SCcinle 1 * and by 
Lofflcr, 3 In German rcfngcracion Ucerature, and Us viscos- 
ity dara with Rl3 have been published m ASHRAE 
Utcracurc. 9 ' 1 9 This German formulation has been 
commercially Cestcd 2g _and abandoned because of break- 
down even at moderate operating temperatures. 

Unfortunately, this experience is based only an one 
formulation, which gained prominence because the German 
researchers were che first Co recognize the xniscibihty 
relations of che s4lcatc esters with polar * refrigerants. 
Perhaps less known is Che face that extensive work on 
sdicite escers was being done m chis country ac about che 
same time, 21 As a resulc, sCable dlsUoxanes have long been 
available in this councry. Detailed daca on cwo Such HuLds 
have been.pubfished by Furby ec ai.' 2 



Because of che experience with Che German formulation, 
ic seems worthwhile to review Furby's Ccsc daca on che fluid 
8200^ which Is based on hexa (2^chyl butoxy) disJox- 
ane. The material showed no change in viscosity and 
formed no insoluble* In che hydroiytic stabalcy tesc (MIL 
H-344o). Even after 336 hours with wacer and copper 
catalyse, che only deterioration ws a 6% increase in 
viscosity. In- an oxidation tesc m .presence of mccal 
catalysts, even af;er 72 hours ac 4Q0F, no insoluoles were 
formed and the oniy change was chat che nscosity 
measured at 210F dropped from II cs to 9 cs. In an mere 
atmosphere, the fluid showed no change under otherwise 
similar conditions. Teats in hydraulic pumps ac ccmpera- 
Cures up co 400F for 20 hours showed no problems. The 
formulation was also of 5 reasonable viscosity range {. 1 1 esc 
at2l0F). 

We should hasten Co point out ChaC we have noc made 
any laboracory or compressor tests with such materials. 
Nevertheless, che published daca indicate that cne problems 
of silicate esters, i.c, thermal, hydrolytic and oxidaCirc 
scabUitics may be minimal with the above formulations. 
OChcr information on che effect of scruccureon hydrolyCiC 
scabdity 1 * and on viscosity-cempcrature relations 5 has Uso 
been published. Such materials therefore desarve reconsid- 



. cricuin for l„w temperature rcfr,(,cr^, a n t .t., s -. ; n .p, u . a r 
enc proUlcmi Cicca by Oowmng anti Coapv.r ;n 

i> Silicancr- L.kc s U.c2;c c:lcr: u « t;i,\- ,„ 
m-cblc wi c„ bur (llCl r pour pai..i, ,r< sa^U" 

lugtlcr. lhe .hcorc: also hive good v ijh . osily lt f ' 
rcUuonj. but assarted w.cl, these J, a , m|l(C(J 
? o„= r far «ditiv«. The solves po„cr Ca „ JC in £ , y 
incorporating aromatic s>dc chams, but u,i 5 c , UJt: , < y 
lQ£s * »nde* u ~<=u as ,„ P0ur noi u silicun«r«rc 

considered ordy f aiX lubncints. but uiis properly ^ 
proved by small add-ons of fluorocarbon els O^ii ,'r"* 
good chemical stability ana miseib.lity will, rcf.-ie^ru',, 
nwfce sd;cones potential refrigerator, O.K. iiov, Cw u. > 
sightly rusher cose and higher pour pain,, *o mp * rK j Z 
silicate ester: may be a dec=rrent. ° 

7. Fiuorochlorocarbonsand Fluorojiiicones 

«. .^Orjflrtw Fo^m^, 'Thcnu„r U W:rt.O.,p.,| y(llc „ 

be^ng to the :lmc chemical family ... , ia , u J J 
rerngersnts and arc naturally compaiii.k- w ;u l c ^,, „„ J 
They are aiso good lubricants and a , c t , wriIlJllIy 

~<aU y stable.** Only chw mco.s, (y - tc , ipcrjl ^ * 
; arc poor. Bur. the real drawing <s n, wr lillM " 
-^.w/^uon. ac this price cne inters , n ni,oro«ri„,„ 
lu&ncanrs tades very rapidly. n 
* Fluorinana Silicone:.- R»plae Bn ,«ni of Ull; , lyJ , tJ1;Cll 
by fluonne in silicones sharply ,mpn,v^ i l|liir Ulur ,,,. . 
mbjey. l.bncicy and resistance w ac;il , ^ 

Huorocarbon polymers, the co-si ro.-k et , V c 
5200/gi.Uon ranee. 

SUMMARY 

Mosc of todays commerciaEy available 6 h.*.-, of «,„,, ,- 
°Us are described la ejus article. Amo,,, un iv 
pnosphate cstcs seem unsuitable for r.f i^^t,^ 

with R22 co very low temperature*. ■„ „«„ ^ 
additive technology, excellent stability with reffseranu 
possible, and has been so demotmrau-d .<;;„,-, " " 
crucial factor in the selection of any oil. it a „ piJjr% 
**yibcn« n «. the poly glycols, the dih.M, !li: , u ^ 
the s...cat= esters art: the most attractive . jn < : id ate1 r„r l„w 
v . turn applications. With car c f u| cv.,u ( . ltl o„ 3nJ pf( .. 
• .finit.on of the product, the *ynil.«t,„. i.,Uud,-n B 
paraff,ns. technically have much to offer 'i | l( . Cu% . V 
rivers, howe.cr, n ?S to be lc ft to tnc i lt ui,i , ^ 
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